Fibrinoid has been described as a "homogeneous, eosinophilic, refractile, relatively acellular, bandlike structure which has some of the tinctorial properties of fibrin" (1, 2) . It is found in the connective tissue in a number of diseases, especially in the group of "diffuse collagen diseases" (3) (4) (5) , including rheumatic fever and rheumatoid arthritis (6, 7) , lupus erythematosus and scleroderma (3, (8) (9) (10) , and periarteritis nodosa (11) . In these diseases, the presence of fibrinoid material in close association with the fibrillar structures of the connective tissue is perhaps, histologically, the single common denominator (4, 5) . Altschuler and Angevine (1, 2) have listed numerous other sites of occurrence of fibrinoid which include the base of peptic ulcers (12) , the normal placenta (13) , and lesions associated with hyperergic inflammation (14) . The production of fibrinoid by a variety of experimental stimuli has been described; these include pinching of tissue (15) , orthostatic hypotension (16) , prolonged passive hyperemia (17) , and massive administration of desoxycorticosterone (18) .
Our present knowledge about fibrinoid is derived almost exclusively from studies of its histological staining characteristics. The latter are in most instances similar to those of fibrin, hence the name fibrinoid; and it has indeed been suggested (16, 19) that fibrinoid consists of inspissated fibrin and other blood proteins. Since fibrinoid often seems to blend with ragged or split bundles of otherwise normal-appearing collagen, Bahrmann (20) from infiltration of degenerated collagen fibers by fibrin.
Klemperer, Pollack, and Baehr (3, 5) have suggested that change in the ground substance of the connective tissue as well as in the collagen fibrils contributes to the formation of fibrinoid. Altschuler and Angevine, on the basis of histochemical studies, concluded that the ground substance is the only constant element in the formation of fibrinoid (1) and that the essential feature of the fibrinoid change is the precipitation of the acid mucopolysaccharide of the ground substance by an alkaline protein (1, 2) . This suggestion was based upon the finding of a close spatial relationship between fibrinoid and metachromatic staining substances and upon the demonstration, histologically, of positive polysaccharide and arginine staining reactions.
The X-ray pattern of the fibrinoid material in rheumatoid nodules has been recently described as a diffuse ring, quite distinct from that of fibrin and collagen (21) . In electron photomicrographs, fibrin9id appeared as an amorphous material. Normal collagen was demonstrated by X-ray pattern and electron microscopic appearance to be in close association with the fibrinoid.
Enzymatic digestion of the fibrinoid in nodules of rheumatic fever has been studied recently by Glynn and Loewi (22) . From observations that the fibrinoid in this tissue was resistant to digestion by trypsin over a period of three hours, but was digested by a collagenase preparation from Clostridium Welchii, the authors concluded that fibrinoid is related in structure to collagen.
In order to study the relationship between collagen and fibrinoid, analytical studies of the fibrinoid material of the subcutaneous nodule of rheumatoid arthritis were undertaken. The amino acid, hydroxyproline, constitutes between 13 and 14 per cent of collagen derived from a variety of 1253 sources (23) and is found in no other protein of the body, except for the small amount present in elastin. Hydroxyproline provides, therefore, a useful means of identifying the presence of collagen in tissue.
The hydroxyproline content of the collagen of the subcutaneous nodule and synovial membrane of rheumatoid arthritis was shown by Bien and Ziff (24) to be the same as that found in purified collagen from a number of normal tissues. Furthermore, the total hydroxyproline content of nodules and of synovial membrane was accounted for completely by the collagen and elastin fractions. It was inferred from this that hydroxyproline was not present in significant amounts in the fibrinoid material of the tissue analyzed.
In the present investigation, previously reported in abstract form (25) , fibrinoid has been extracted from rheumatoid nodules by treatment with either dilute alkali or trypsin. The completeness of extraction has been demonstrated by histological section of the extracted tissue. The extracts so obtained have been hydrolyzed and analyzed for hydroxyproline by a sensitive radioisotope chromatographic technique (26), which is described below. The amounts of hydroxyproline found in the extracted fibrinoid were negligible in quantity and of the same magnitude as obtained in extracts of normal skin under the same conditions.
METHODS
The following general procedure was employed; details are given below. Subcutaneous rheumatoid nodules were extracted by two methods which removed the fibrinoid material, and the hydroxyproline content of the fibrinoid-containing extracts was determined. The collagen concentration of the whole nodule tissue was determined by direct analysis. By comparing the relative areas of collagen and fibrinoid on projections of representative stained microscopic sections, the approximate concentration of fibrinoid per gram of wet tissue was calculated. From the hydroxyproline content of the fibrinoid extracts, and the concentration of fibrinoid in the untreated tissue, the maximum percentage of collagen in the fibrinoid was then calculated.
Nodules were obtained from patients with long-standing rheumatoid arthritis, all of them untreated, and with active disease at the time of excision. In one patient, nodules were removed before and after administration of corticotropin. The nodules had been present for periods ranging from one to three years, and all except one, nodule S, were situated below the olecranon process of the forearm. Pipsylation was carried out with 25 mg. of pipsyl (p-iodophenyl sulfonyl) chloride, containing approximately a million counts per micromole of I', dissolved in 0.6 ml. of half-saturated sodium bicarbonate. A known amount of pipsylhydroxyproline labeled with S", and having an activity of approximately 10,000 counts per minute, was added. The pipsyl derivatives were extracted with ether and chromatographed on paper for 48 hours at room temperature in n-amyl alcohol saturated with 2N ammonia. The band demonstrating S' radiation was eluted with dilute ammonia, extracted with ether after acidification and re-chromatographed for 12 hours at room temperature in tetrachlorethane saturated with 2N hydrochloric acid. The resulting band, produced by spreading of the pipsylhydroxyproline, was cut into strips, and ratios of S' to I' radiation were determined, using 0.015 inch aluminum foil filter. It was not possible to establish constancy of the ratio of S' to I' in the analysis of nodules V1 and K because of the small number of iodine counts available in the hydroxyproline bands. The procedure employed, however, was demonstrated in numerous other analyses to achieve separation of pure i.ands of pipsylhydroxyproline as demonstrated by constancy of S5 to I' ratios. The effect of possible contamination of the pipsylhydroxyproline band by other pipsyl compounds containing would be to render the values reported maximal ones.
In a recovery experiment in which 18.1 mcg. of hydroxyproline was added to five ml. of a 0.1N sodium hydroxide extract of nodule V1, and then autoclaved in hydrochloric acid, and analyzed as described above, 17.6 mcg. of hydroxyproline was recovered.
To establish the stability of both bound and free hydroxyproline in alkali under the conditions described, samples of gelatin and 1-hydroxyproline were incubated in 0.1N alkali for 24 hours at 370 C. One hundred milligrams of Baker's gelatin was found to contain 9.9 mg. of hydroxyproline when hydrolyzed directly and analyzed by the method of Neuman and Logan (23) . After incubation in 100 ml. of 0.1N sodium hydroxide under the conditions described, the hydroxyproline content was unchanged. Similarly when 10 Following fixation in 10 per cent formalin, the tissue residues, extracted as described above, as well as the control sections were dehydrated and embedded in paraffin. They were then serially sectioned at 5 microns and stained at intervals with each of the following stains, to establish the completeness of extraction: hematoxylin and eosin, van Gieson, phosphotungstic acid-hematoxylin, trichrome, orcein-picroaniline blue, Millon, toluidine blue, and periodic acid-Schiff. On a number of occasions, the formalin fixing solutions were evaporated to dryness, the residue hydrolyzed and analyzed for hydroxyproline by the method of Neuman and Logan. No hydroxyproline was found.
RESULTS

Extraction of fibrinoid
When minced nodule tissue was extracted with dilute sodium hydroxide solution, examination of serial sections of the extracted residues disclosed that approximately 80 per cent of the fibrinoid material had been removed (Figure lc) , and when the mince was extracted with trypsin solution (Figure ld) practically all of the fibrinoid had been removed. Extraction of fibrinoid was apparent from the appearance of free spaces devoid of all tissue in the areas previously occupied by fibrinoid material in the control sections ( Figure  la) . In these newly formed spaces, strands of intact collagen fibers previously obscured could be seen. Treatment with borate buffer at pH .7.75, extracted relatively small amounts of fibrinoid (Figure lb) .
Analytical data
The concentration of collagen in the nodules analyzed ranged between 70.8 and 159 mg. per gram of fresh tissue (Table I) same magnitude as found in normal human skin by treatment with dilute alkali or trypsin following the same procedure as applied to the nodules (Table I) .
DISCUSSION
Fibrinoid is characteristically found in connective tissue in the "diseases of collagen". (8) . Conclusions drawn from investigations of the fibrinoid material of subcutaneous nodules, however must of necessity be limited to this source, since there is no reason to assume that fibrinoid has the same composition in different diseases or even in different tissues. The rheumatoid nodule, moreover, when large enough to yield adequate amounts of tissue for chemical analysis, has usually been present for months to years. Since the composition of fibrinoid in nodules of long standing may differ from that of early nodules, conclusions drawn in the present report are limited by the age of the nodules analyzed, which was one to three years.
Our experiments indicate that the fibrinoid material of the subcutaneous nodule may be almost completely extracted by treatment with dilute alkali or trypsin. The extracts do not contain significant amounts of hydroxyproline. No hydroxyproline was extracted from nodule S, and in three out of four other nodules from untreated patients, the largest concentration extractable was 0.09 mg. per gram of tissue. The small amounts of hydroxyproline extracted were approximately of the same magnitude as were obtained from normal skin by treatment with 0.1N sodium hydroxide and trypsin. A relatively larger amount of hydroxyproline was removed from nodule V2 on treatment with trypsin. This may perhaps be related to the fact that the patient had been treated with corticotropin for sixteen days prior to ex- It should be pointed out that the values for the fibrinoid concentration of the unextracted tissue and the hydroxyproline content of the fibrinoid extract are given per gram of wet tissue. The results above, therefore, are independent of the amount of extraneous material extracted with the fibrinoid on treatment with alkali or trypsin. It should also be noted that, although the estimation of fibrinoid is necessarily approximate, appreciable error in this value would not change the overall conclusion because of the relatively small amounts of hydroxyproline recovered.
Though fibrinoid in minced tissue was digested by trypsin, it has been found to be resistant to hydrolysis by Clostridial collagenase (25) . The stability of fibrinoid in collagenase solution is not surprising in view of the evidence that it does not contain appreciable amounts of hydroxyproline. Our observations with respect to enzyme digestion differ from those of Glynn and Loewi (22) , who analyzed nodules from patients with rheumatic fever. These authors, however, incubated fixed tissue sections for three hour periods, whereas freshly minced tissue was digested for 24 hours in the present experiments.
There is no evidence that fibrinoid in the rheumatoid nodule, as histologically defined, is a homogenous substance. Studies of Kellgren and coworkers (21), using X-ray diffraction and the electron microscope, demonstrated patterns of an amorphous material in intimate contact with normal collagen fibrils. It is reasonable to assume that it is this amorphous material which has been extracted in the present experiments, leaving interspersing apparently normal collagen fibers behind ( Figure 1 ). Our data suggest that degenerated collagen is not present in the amorphous material of fibrinoid unless, of course, the collagen has been so altered in the process of degeneration that the hydroxyproline of the protein has been specifically lost or changed. The selective loss of individual amino acids in the degeneration of proteins finds little precedent, however.
The additional possibility remains, of course, that degeneration of collagen and subsequent removal of the degraded protein precedes the deposition of the fibrinoid material. If this were so, the first step in the fibrinoid change might very well be associated with an alteration of collagen, as suggested by the observations of Klinge (6) . It would seem reasonable to assume from the data presented in this paper, however, that if altered collagen is formed, it is hydrolyzed by tissue proteases, and subsequently replaced by fibrinoid, the latter representing merely the end products of inflammation of connective tissue.
SUMMARY
The fibrinoid material of five subcutaneous nodules obtained from patients with rheumatoid arthritis has been extracted by treatment of fresh nodule tissue with either dilute sodium hydroxide or trypsin. The extracts of fibrinoid have been analyzed for hydroxyproline by a sensitive radioisotope derivative technique and found to contain between zero and 0.3 mg. of hydroxyproline per gram of nodule tissue.
Collagen content of the nodule tissue ranged between 70.8 and 159 mg. per gram. From the relative areas of collagen and fibrinoid present in microscopic sections of untreated nodules, the approximate concentration of fibrinoid has been estimated. Values varied between 17 and 40 mg.
per gram.
The maximum amounts of collagen which could be present in the extracted fibrinoid, calculated from the hydroxyproline content of the fibrinoid extracts, were found to be about 2 per cent by weight of the fibrinoid. The results indicate that if collagenous material is at all present in the fibrinoid of the subcutaneous nodule, the amounts are negligible.
